Abstract Chandra Galactic Center Survey detected nearly 1000 X-ray point-like sources in the 2
INTRODUCTION
The central regions of galaxies are usually crowded by many celestial bodies with different physical properties. The center of our Galaxy is the ideal laboratory to study the X-ray sources and the related high energy astrophysical processes. It has been the observational target of most X-ray satellites, such as ROSAT (Snowden et al. 1997; Sidoli, Belloni & Meregetti 2001) , ASCA (Sakano et al. 2002) and BeppoSAX (Sidoli et al. 1999) . In these past observations, many X-ray point-like sources have been detected. The ROSAT survey covered 3
• ×4
• sky region around the Galactic Center, detected 107 X-ray point-like sources in 0.1-2.4 keV. In ASCA observations of the Galactic center, 52 point-like sources were detected. BeppoSAX has also observed 16 X-ray point-like sources in the central region of our Galaxy. For most of these X-ray sources above, their spectra can be fit with an absorbed power law, the spectral index is about 1 ∼ 3, the hydrogen column density is about 10 22 ∼ 10 23 cm −2 . These facts indicate that, most of the luminous X-ray point-like sources are accretion X-ray binaries, in addition to some foreground stars and background AGNs.
Chandra X-ray Observatory (CXO) has much better spatial resolution (0.5 arcsec) than former satellites (e.g. ROSAT 20 arcsec), so it can produce high quality images of the Galactic center. Here we perform a statistical analysis of the point-like sources in Chandra data of the Galactic center. In §2, we give a brief introduction to the Chandra Galactic Center Survey. In §3, we describe our data analysis method and results in detail, including sensitivity correction ( §3.1), spectral fitting and parameter determination ( §3.2), radial distribution ( §3.3) and luminosity distribution ( §3.4). In §4, we give a summary of our results.
OBSERVATIONS
Chandra Galactic Center Survey (hereafter GCS) was carried out in July 2001 (Wang, Gotthelf & Lang 2002) . It consists of 30 separated ACIS-I observations (Obs. ID 2267-2296, energy band 0.2-10.0 keV) with a total exposure time of 94.2 hours (∼ 340 ks). ACIS-I is an array composed by four 1024 × 1024 CCDs with on-axis angular resolution 0.492 ′′ . The sky area is 2 • × 0.8
• , about 280 pc × 110 pc (taking the distance of Galactic center as 8 kpc). There are 922 sources in the point-like source list of Chandra GCS (provided by Q. D. Wang, private communication). The most luminous source among them -1E 1740.7-2942 is a famous microquasar (Mirabel et al. 1992; Mirabel & Rodríguez 1998) . Our work presented here is a statistical analysis on these sources, including their spatial distribution and luminosity distribution.
DATA ANALYSIS

Sensitivity Correction
Since Chandra has excellent angular resolution, one can detect X-ray sources with only a few counts (Wang 2004) . The source counts and background counts are both random variables with Poisson distribution. So there is a significant probability that counts of some sources cannot satisfy the criterion of source detection due to the counting fluctuations. Therefore correction for this sensitivity effect should be done to derive the true source distribution above a certain flux limit. The criterion of source detection used is S/N ≥ 2 (Wang 2004) . For each source, we take the detected total counts and background counts as the estimation of parameters λ for their corresponding Poisson process, respectively. Then we use Monte Carlo simulation to calculate the percentage of cases with S/N ≥ 2, taking it as the detection probability for each source. The reciprocal of probability is used as the true source number for this detection. For example, if the probability for one source is 70%, we assign 1.43 sources for this detection.
Spectral fitting & N H determination
We use psextract procedure in CIAO package to get the spectral files. Then we use Xspec in Heasoft package to fit the spectra with the absorbed power law model, i.e. "phabs(po)" model in Xspec. There are three parameters in this model -the photon spectral index α, the hydrogen column density N H and the normalization factor A. Because the short effective exposure time for each field, the total counts for sources without significant pileup are not sufficient for a high quality spectral fitting, in order to determine N H and α simultaneously for each source; many sources are too faint for any meaningful spectral fitting. We thus choose 18 sources with total counts of more than 80, but without significant pileup. We assume that all sources have a similar value of α, thus attributing the different hardness ratios of these sources to different values of N H . Our goal is to search for one value of α which best describes all 18 sources. We try α values from 1.5 to 3.5 with step of 0.2. For each trial value of α, i.e., we fit the absorbed power-law model by fixing α, the fitting generates one chi-squared value. We then calculate the total chisquared values of the 18 sources for all different values of α. We find that α = 2.5 corresponds to the minimum chi-squared value ( Fig. 1) , with a reduced chi-squared value of about 1.122 for 240 degrees of freedom. We thus conclude that α = 2.5 +0.8 −0.3 for a 68.3% confidence interval. In Fig. 2 we show one example of spectral fitting when α = 2.5. Table 1 shows the spectral fitting results for 18 sources with the photon index frozen at 2.5. Assuming that α = 2.5 for all sources, we can then estimate N H for each source according to the hardness ratio of the source. Using the PIMMS software (http://cxc.harvard.edu/toolkit/pimms.jsp), we can get the relation between HI column density and hardness ratios as shown in Fig. 3 . Here we should emphasize that the definitions of hardness ratios in Fig. 3 , labeled as HR ′ and HR2 ′ there, are different from the above ones, HR and HR2. This is because when using PIMMS, we can only get the values of count rate, i.e. the parameters of Poisson processes in three bands λ A , λ B , λ C . Their definitions are HR ′ = λB −λA λB +λA , HR2 ′ = λC −λB λC +λB . According to the total counts and values of HR and HR2, we calculate the counts in three wave bands respectively and take them as the estimation of λ A , λ B and λ C for each source. Under the condition of certain counts a, the parameter λ of Poisson process obey the Gamma distribution, i.e. p(λ = x|n = a) = Fig. 1 The total values of chi-squared for different photon index. Here we can see that when α=2.5, the reduced chi-squared is most close to 1. and N H > 2 × 10 23 cm −2 , respectively. In the following we assign the N H value for each source accordingly. The N H distributions derived from HR ′ and HR2 ′ are shown in Fig. 4 .
Radial distribution of Chandra GCS sources
In order to derive radial distance from HI column density, interstellar media distribution model in the Milky Way is required. We take the HI model from Binney & Merrifield (1998) as shown in Fig. 5 . Current HI models show that in the region of 4 -14 kpc from the Galactic center, the HI distribution remains constant, while in the inner region of the Milky Way (from about 4 kpc radius to the center), the number density of neutral hydrogen decreases rapidly to nearly zero (Binney & Merrifield 1998; Ferrière 2001 ). Here we assume the number density of HI is zero at the Galactic center, and use spline interpolation to get the whole HI number density curve. Integrating the density curve along the direction of sight, we can get the relationship between HI column density and radial distance from the Sun. In Fig. 5 , the HI number density and column density are to be normalized by the HI column density of the Galactic center source Sgr. A* from X-ray measurements. Currently the measured values of HI column density of Sgr. A* vary in a large range --for example, 5. Due to the depletion of HI in the Galactic center region, we expect that all sources within several kpc should have roughly the same HI column density (see the flat part of the right panel of Fig. 5 around 8 kpc) , and consequently a peak should appear in the HI column density distribution of Fig. 4 corresponding to these sources. In Fig. 4 , we note that between 1.0 − 1.4 × 10 23 cm −2 interval, there are slightly more X-ray sources than the neighborhood. Therefore we adopt the value of 1.2 × 10 23 cm −2 as the HI column density of the Galactic center, corresponding to the radial distance of 8 kpc. We can then use linear interpolation to get the radial distance for each HI column density according to the right panel in Fig. 5. Fig. 6 shows the radial distribution of Chandra GCS point-like sources. We find that in the region around the Galactic center (7-9 kpc in radial distance from the sun), there are very few X-ray point-like sources, i.e. point-like X-ray sources are depleted in the Galactic center region.
Because the derived HI column density values have considerable errors, we examine our result with Monte Carlo simulation to verify the reality of the radial source distribution shown in Fig. 6 . We generate 1000 observations according to the error bar of the N H value for each source, and then get the corresponding radial distance distribution of point-like sources. The histograms of each simulated observation have generally the same structure with some minor differences. They all show that a small number of sources exist at the distance of the Galactic center. We also take N H values for 8 kpc distance, and the conclusion for source depletion at the Galactic center distance remains unchanged. In fact, this conclusion is the direct consequence of the combined effect that HI is depleted in the Galactic center region and no strong peak around the Galactic center column density value in the derived HI column density distribution. The luminosity distribution of Chandra GCS sources (sensitivity corrected).
Luminosity distribution
We use PIMMS to calculate the unabsorbed flux (0.2-10.0 keV) for each X-ray source with the derived HI column density, photon index of 2.5 and the observed count rate; the luminosity distribution of all sources (with sensitivity correction) is shown in Fig. 7 . However we should point out that the sensitivity correction should still have missed some fainter X-ray sources, because no correction is done for sources with average S/N below 2. Nevertheless, an apparent double-peak structure is seen, at 10 32 and 10 34.5 ergs s −1 respectively. It is also clear that none of these sources have luminosity above 10 36 ergs s −1 , far below the Eddington limit for stellar mass black hole X-ray binaries.
SUMMARY & CONCLUSIONS
We have performed statistical analysis to the nearly 1000 point-like sources detected in the Galactic center survey of Chandra X-ray Observatory due to its excellent spatial resolution. Detection sensitivity is corrected to recover the true source numbers with detection significance of S/N greater than 2. Eighteen bright sources detected are used to fit jointly an absorbed power-law model, from which the power-law photon index is determined to be 2.5. Assuming that all other sources have the same power-law form, we use the relation between hardness ratio and HI column density N H to estimate the N H values for all sources with the Bootstrap technique. Using the ISM model in the Milky Way, we get the radial distances of these sources according to their HI column density values. The source distribution along the radial direction shows an obvious depletion of X-ray point-like sources within 1-2 kpc of the Galactic center. In the derived luminosity distribution function, there exists an apparent double-peak structure, at 10 32 and 10 34.5 ergs s −1 between (0.2-10.0 keV) respectively. No source with luminosity greater than 10 36 ergs s −1 is detected. Further improvement of this work includes a more accurate interstellar medium model of the Milky Way, a precise determination of the absolute value of the HI column density of the Galactic center, and more complete sensitivity corrections for S/N below 2.
